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Abstract-The simple basic theory of natural convection across openings in vertical partitions has 
been generalized to include both heat and mass transfer. Experiments were carried out in a large 
heat-flow apparatus with openings from 3 to 12 in high and with air as the convecting fluid. Because 
of the high thermal resistance of the partition, the test results for the Nusselt number as a function of 
the Grashof number based on opening height in the range 106 < Gr < lo* would also be expected 

to be directly applicable to mass transfer. 

NOMENCLATURE 

A, B, C, dimensionless constants: 

a, b, 
cm 
C, 

d, 
D, 
E, 
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H, 

hr, 
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k, 

1, 
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nt 

4, 

P, 
a 
S, 

T, 

20 

exponent; 
specific heat of fluid; 
concentration; cl, c, concentrations 
in cavities 1 and 2 remote from the 
partition ; 
exponent; 
diffusion coefficient of mass transfer; 
opening area; 
acceleration due to gravity; 
opening height (vertical partition) : 
thickness of horizontal partition; 
heat-transfer coefficient based on 
total opening area; 
mass-transfer coefficient based on 
total opening area; 
thermal conductivity of fluid; 
pressure loss; 
width of opening in horizontal 
partition; 
mass-transfer rate through opening; 
heat-transfer rate through opening; 
pressure ; 
volumetric fluid-flow rate; 
vertical distance between multiple 
openings; 
temperature; T,, T, temperatures in 
cavities 1 and 2 remote from the 
partition ; 

thickness of vertical partition; 
velocity; 
width of opening in vertical parti- 
tion; 
distance in the direction of gravity; 
= dpz/p = height of a fluid 
column of density p giving a 
pressure under gravity equal to 

Apgz; 
thermal diffusivity ; 
coefficient of cpncentration and 
thermal expansion respectively; 
exponents; 
dynamic viscosity; 
kinematic viscosity; 
fluid density; pl, pz, density in 
cavities 1 and 2 remote from the 
partition; p1 - pz = Ap, difference 
in density between the fluid in the 
two cavities; p = (pl + p2)/2, mean 
density of fluid. 

Dimensionless groups 

Gr, Grashof number based on density 
difference, gApH3/pv2; 

NU, Nusselt number, hyH/k; 
PI.. Prandtl number, c&k ; 
Re, Reynolds number, VHIv; 
SC, Schmidt number, v/D; 
Sh, Sherwood number, hmH/ D. 
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INTRODUCTION 

A GREAT deal of attention has been given in 
past studies of natural convection to problems 
of heat transfer involving vertical and horizontal 
plates and bodies of varying shapes. These 
studies and their application to practical 
situations, ranging from heating equipment to 
the cooling of turbine blades, have recently 
been reviewed by Schmidt [I]. In this review 
mention is also made of a type of natural 
convection that until now has received very 
little attention. This is the situation occurring 
at openings in partitions, for which Schmidt 
reports an optical investigation of the transient 
mixing of two fluids of different densities (carbon 
dioxide and air) separated by the opening in a 
vertical partition. 

Apart from the transient case, the two basic 
aspects of natural convection through openings 
are those of steady conditions with vertical and 
horizontal partitions. In the present paper the 
theory and experimental results will be given 
for steady conditions with openings in vertical 
partitions. The case of horizontal partitions 
will be treated in a second paper (Part 2). 

The theory for natural convection across 
openings in vertical partitions has proved to be 
quite simple, but until now it has not been fully 
developed. Emswiler [2] in 1926 treated the case 
of multiple openings in a wall and obtained an 
expression for the rate of flow of air in terms 
of temperature difference and Bernoulli’s equa- 
tion for ideal flow. He did not consider the 
case of a single opening nor did he treat the 
heat- and mass-transfer aspects of the problem 
which, of course, can be generalized for all 
fluids. 

As far as is known no direct measurements 
have been made to substantiate and extend the 
theory. This may be explained in part by measure- 
ment difficulties and by the fact that opening 
sizes of practical importance are rather large 
to be investigated in a laboratory. Recently, 
however, a large test unit, apparently the first 
of its kind, has been built at the National 
Research Council of Canada to allow direct 
measurement of the heat transmittance of 8-ft 
square walls. This apparatus, described pre- 
viously by Solvason [3], is ideally suited to the 
present problem. 

Single opening 
THEORY 

The system under consideration is that of 
Fig. 1, in which two large sealed cavities are 
separated from one another by a vertical 
partition having a rectangular opening of height 
H and width W. The densities of the fluid 
remote from the wall are maintained at pl and 
pz, the temperatures at Tl and T, and the con- 
centrations at cl and c2. 

FIG. 1. Schematic representation of natural convection 
across an opening in a vertical partition. 

Since the cavities are sealed, there is no net 
flow of fluid across the opening and the absolute 
pressure pO at the elevation of the opening 
centerline is everywhere equal. (This is the 
limiting case for density differences that are 
small compared with the mean density. The 
ensuing error in derivation of the heat- and 
mass-transfer equations will be negligible except 
for gases at very low temperatures.) In cavity 
no. 1 the pressure p at a level z below the center- 
line will be 

Pl = PO 4- P&Z (1) 

and in cavity no. 2, at the same level it will be 

P2 = PO + pzg= (2) 

g being the acceleration due to gravity. 
The pressure difference between the two 

cavities at this level is thus 

Pl - P2 = (PI - Pz)g=. (3) 



Similarly the pressure difference at a level z 
above the centerline is just the negative of 
equation (3). The pressure difference p1 - pz 
can also be expressed as the height of a column 
of fluid 
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equations (7) and (8) lead to the following 
equations in terms of dimensionless variables: 

for heat transfer 

where fs is the mean density 

2 = (Pl - Pzb = dp z 
P P 

(= !q-“>. 

LLI: 4 - 2/(Gr) Pr, (9) 

for mass transfer 

There is only limited information available for 
the relation between pressure head and velocity 
V for rectangular orifices at low flow rates. 
Consequently the flow will first be assumed to 
be ideal (frictionless), and then the influence 
of viscous forces will be considered. 

For ideal flow the Bernoulli equation can be 
assumed, i.e. 

On integration from z = 0 to z = H/2, 
equation (5) gives for the total volumetric 
discharge through one half of the opening 

Equations (9) and (10) cannot be exact for all 
conditions owing to neglect of viscosity in 
equation (5) and neglect of thermal conductivity 
and diffusivity in equations (7) and (8). Con- 
sidering first viscosity,* it will be remembered 
that for pure viscous flow velocity is directly 
proportional to the difference in pressure 
head, just as for laminar flow in a tube or 
viscous flow about a submerged object a limiting 

f! = c -7 J( 1 g A< 

equation will occur of the form 
ff3/2. 

P 
(6) 

The coefficient of discharge C has been inserted 
here as is customary for orifices. The value of 
C ranges from about O-6 for sharp-edged 
orifices to O-8 for short tubes, and up to 0.98 
for trumpet shapes. For submerged orifices, C 
tends to take on higher values. 

With the flow Q is now associated: 

the heat-transfer rate 

where A is a dimensionIess constant. 
Using equation (11) in place of equation (5) 

the Nusseh and Sherwood numbers become 

Nu = AGrPr, 

4 = QPC,K - Tit), 
the mass-transfer rate 

(7) 

Sh = AGrSc. (12) 

If now the usual procedure is adopted and the 
Nusselt number is written 

NU = BGrffiPrb 

FP? = Qp(c, - cz), (8) 

where c, is the specific heat. 
Introducing now the heat-transfer coefficient 

hT and the mass-transfer coefficient hm, defined as 

for a small range of the variables, then by 
equations (9) and (12) for negligible thermal 

-_- 

and 
hT = $1 WH(cT, - TJ 

* The following considerations are similar to those 
given in 141 for heat exchange in a vertical tube at low 
flow rates. 

f A similar equation showing Q directly proportional 
to (#p/ijlg(H3/v) can be derived from first principles for 
the case of a vertical slot. 

where the symbols are as defined in the Nomen- 
clature. 
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conductance the exponent a on the Grashof 
number lies between 4 and 1 and the exponent b 
on the Prandtl number is practically 1. The 
same reasoning holds for mass transfer. 

For the other extreme, wherein the thermal 
conductivity or diffusion coefficient is very large, 
the heat- or mass-transfer phenomenon is 
similar to that of a solid, i.e. 

Nu = const. Sh = const. (13) 

Consequently, for the complete range of all 
variables (all fluids), the exponents on both 
Gr and Pr in equation (13) lie between 0 and 1. 
To be somewhat more specific about these 
exponents for various fluids some additional 
information can be obtained by comparing the 
estimated pure conduction or diffusion exchange 
obtained by analytical means with the convective 
transfer of equations (7) and (8). For air, for 
example, in the range of greatest interest, with 
say 50 degF temperature difference across a 
I-ft square opening, the pure conduction heat 
transfer would be quite negligible compared 
with that of convection. Furthermore, the 
value of the Reynolds number Re, based on the 
mean flow velocity as determined from equation 
(6), lies close to the range covered in experiments 
on orifices which themselves validate equations 
(5) and (6). Hence, for air in this general range 
the final form of equation (13) is expected to be 
approximately 

Nu = (0.6 to I.O)+Gr:+CPrl-f (14) 

where E and 5 are small compared with 4 and 1, 
respectively. 

Multiple openings 
Multiple openings in the vertical direction will 
increase the mass or heat transfer. In general, 
determination of the convection becomes com- 
plicated when openings of various sizes at 
irregular spacing are present. For equally 
spaced openings of the same size, however, it 
will be noted that the level of equal pressure in 
the two cavities falls on the center of gravity 
of the openings. Multiple openings will be 
discussed in greater detail in the following 
section on experimental results. 

Equipment 

EXPERIMENTAL 

The test unit, already described in detail [3], 
consists of two large chambers 8 ft square, one 
of which is 4 ft deep and the other, since it 
contains an additional system to provide forced 
air circulation at will, 14 in deep. The first of 
these chambers can be maintained at approxi- 
mately 70°F and the other at variable tempera- 
ture down to -20°F. The walls of the unit are 
insulated and guarded to prevent heat losses. 
Fig. 2 shows the complete apparatus and its 
control equipment. 

The partition in which the openings were cut 
was constructed of 2-in foamed polystyrene 
insulation on a &in plywood backing and was 
clamped and sealed between the two boxes of 
the test unit. Use of this wall of high thermal 
resistance has two experimental advantages: 
(1) the heat transfer across the opening will be a 
large fraction of the total heat transfer, and (2) 
the large natural convection in the neighborhood 
of the opening will not be greatly influenced by 
convection over the wall proper. The convection 
conditions, then, approximate closely those 
which would occur when density differences are 
due to concentration differences alone, and the 
test results for heat transfer would be expected 
to apply for mass transfer as well. 

Instrumentation 
Thirty-gauge copper-constantan thermo- 

couples were installed at various locations to 
measure air and surface temperatures on both 
sides of the partition. The temperature control 
was sufficient to maintain the air temperatures 
remote from the openings constant with time to 
within 0.2 degF. Total heat input to the warm 
side of the test unit was determined from con- 
tinuous recordings of d.c. voltage and current, 
the accuracy of the power input thus obtained 
being about 2 per cent. 

Scope of tests and procedure 
Tests were conducted for single rectangular 

openings of the following nominal sizes: 
6 x 6 in, 6 x 12 in, 9 x 9 in and 12 1,’ 12 in, 
with air temperature differences ranging from 
15 to 85 degF. (Temperature on the warm side 



__. I -.-. - - 

FIG. 2. Test unit showing temperature control panel and 
measuring and recording instruments. 

f. p. 862 
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was maintained throughout at about 72°F.) Tests 
were also made for 3 x 3-in openings but, 
since the heat flow for a single opening of this 
size would be very small, seven openings were 
spaced horizontally on lO$-in centers. The 
ratio t/H of partition thickness t to opening 
height H would be expected to affect the magni- 
tude of results, and was varied by altering the 
partition thickness in the neighborhood of the 
opening, either by removing or adding insula- 
tion. Account was taken of the changed heat 
transmission through this portion of the wall. 
Several tests were also made with two equal 
3 x 3-in openings spaced vertically 15 in 
apart on centers. 

In practical installations some forced air 
movement in addition to natural convection 
might be present. Since the test unit already 
contained a closed forced-air circulation system 
on the cold side, it was used to obtain additional 
test results with air flowing horizontally parallel 
to the partition and opening with velocities of 
100 and 200 ftjmin. 

Owing to the massiveness of the test apparatus, 
long periods of time were required to reach 
equilibrium conditions. In general, with natural 
convection alone the apparatus was allowed to 
run overnight before temperature and heat- 
flow readings were taken. On completing a 
natural convection test at a given temperature 
difference, forced .air circulation was begun and 
equilibrium was again reached in a period of 
3 or 4 h. 

Before carrying out tests with the various 
openings it was first necessary to calibrate the 
blank partition. This was done by determining 
the total heat transfer at various temperature 
differences between the air on the two sides of 
the wall. Results are shown graphically in Fig. 3, 
where the total heat flow has been divided by the 
partition area (64 ft2) to obtain conductance, 
The slight irregularity in the test results with no 
forced air motion is due to the unavoidable 
variability of the film coefficients. This assertion 
is borne out by the tests with air velocities of 
100 and 200 ft/min which show no irregular 
behaviour. 

With an opening in the partition, a small 
portion of the total heat transfer occurs by 
radiation, the amount of which was calculated 

0.14 

z 

:.:~~- 

I / 
/ 

0.11 - * 
20 JO 40 50 60 70 

MEAN TEMPERATURE *F 

LEGEND: 

l NO FORCED AIR FLOW 

0 AIR VELOCITY ~100 fl,/min 

d. AIR VELOCITY $200 ft/mbn 

FIG. 3. Calibration of the test partition. 

by assuming that both cavities behave as black 
bodies, i.e. 

4,. = WH o(Tfs - T;) (15) 

where a = the Stefan-Boltzmann constant and 
subscripts denote cavity surface conditions. 
(Interchange with the edges of the opening was 
neglected.) 

Test results 
Natural convection (m forced-air JfEow). The 

air temperatures used in determining the Nusselt 
numbers were the averages from floor to ceiling 
on the two sides of the wall. Air properties were 
evaluated at the mean air temperature of both 
sides. Air temperatures were measured 15 in 
from the wall on the warm side and 8 in from 
the wall on the cold side. The temperature- 
measurement stations were 2 ft from the 
opening in a direction parallel to the wall. In 
the case of the 12 x 12-in opening the heat- 
transfer rate was sufficiently large to cause a 
considerable gradient in the remote air tempera- 
ture from floor to ceiling on both sides of the 
partition (Fig. 4). Since the two gradients did 
not differ greatly, however, it will be appreciated 
that only a small error is involved in basing all 
calculations on mean temperatures. Fig. 4 also 
shows the distortion of the air and surface 
temperatures in the plane of the opening center 
line caused by the double air flows. 
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FROM CENTER 

TEMPERATURE ‘F 

FIG. 4. Air and surface temperatures about a 12 x 12-in opening in a 24-h insulated partition. 

All experimental results are given in Fig. 5, 
where the Nusselt number divided by the 
Prandtl number is ordinate and the Grashof 
number is abscissa in accordance with equations 
(S), (12), (13) and (14). For comparison, the 
two theoretical extremes of equation (9) with 
C :=-: @6 and I.0 are shown. In Fig. 5, the 
influence of the additional variable, the ratio 
f/H of the wall thickness t to the opening 
height H, is apparent. It will be noted that for 
any given f/H ratio the slope of a line through 
the experimental results is always greater than 
05 in accordance with equation (14). Further- 
more, the slope increases with decreasing 
Grashof number, i,e. tending more and more 
toward a value of 1.0 for very low values of Gr. 
At the higher values of the Grashof number 
(between lo7 and IOR) very little influence of 
t/H is to be noted for the range t/H = O-19- 
0~38. This is further borne out by the test results 
for the rectangular opening 6 in high and 12 in 
wide; they are apparently identical with those 
for the 6 x 6-in square. For Gr -=z 10: and for 
a greater range of t/H from 0.38 to O-75, the 
influence of r/H is marked. 

Since the Prandtl number for air in the range 

of temperatures used in the tests was constant 
at 0.71 it was not possible to investigate its 
influence as a separate variable. A comparison 
of the Nusselt numbers of the present work with 
those of natural convection over a vertical 
plate for the same range of Grashof numbers, 
however, shows very much higher values for 
the case of wall openings. For the vertical plate 
the thermal conductivity of the fluid plays a 
large role in the heat exchange, in that heat is 
transferred by pure conduction in a lam&r 
layer of fluid on the plate, and it is found that 
the Nusselt number is proportional to ~~~~~~ or 
PYO’~~. With the much higher values of NU in 
the present work indicating a greater convection 
transfer, it would be expected that for most 
liquids and gases the exponent on PF (or SC) is 
close to 1-O in accord with equations (9) and 
f 12). (For a situation where turbulent flow 
occurs and in which the exponent on Pr is even 
less than O-25, see [4] for the case of heat 
transfer in a vertical tube.) 

A series of tests was carried out with two 
3 x 3-in openings spaced vertically 15 in 
between centers in the 2$-in partition. In this 
case, the Nusselt number based on the total 



CONVECTION THROUGH RECTANGULAR OPENINGS IN PARTITIONS-l 865 

/ / I 

I Ill I IllIll 
I 

2000 I111111 

= II 600 

2 
3 400 
2 . 6”x6* OPENING 

300 o 6” x 12” OPENING I/H= 0.38 

V 3” x 3” OPENING t/H= 0.38 

200 

150 

100 

v 6”x6” OPENING t/4=0.75 

0 31’~ 3” OPENING t/k/=0.75 

, 12”~ 12” OPENING f/H=O,lS 
I 9”x 9” OPENING l//+0.25 

80 IO6 2 3 4 6 810’ 2 3 4 6 8 IO’ I.5 

GRASHOF NUMBER (Gr = q A&/p 1/’ ) 

FIG. 5. Natural convection across rectangular openings in a vertical partition. 

area of the two openings and H = 3 in should 
be equal to one-half the difference between the 
Nusselt numbers for two single openings of 
height 18 and 12 in (see Appendix A). In Fig. 6 
the measured values are plotted against theore- 
tical values as obtained by extrapolation from 
Fig. 5. Agreement is fairly good, but the 
measured values are somewhat lower than 
theoretical ones, presumably owing to the 
additional contracting effect of the narrow 
3-in width., Since the ratio t/H used in these 
tests had the high value of O-75 it can be expected 
that agreement between theory and measure- 
ment would be appreciably better for lower 
(more usual) t/H values. 

Efect of a horizontal velocity parallel to the 
wall. It was not the intention in this work to 
study the effects of forced-air motion in detail 
but only to make approximate measurements. 
This restriction was demanded in part by the test 
apparatus itself, which allowed use of only 
one or two fans, each of lOOO-ftz/min capacity. 

The cross-sectional area for flow on the cold side 
of the wall being 10 ft2, average horizontal 
velocities of 100 and 200 ft/min were available 
for the tests. Another consideration restricting 
the quantitative applicability of the test results 
is the geometry of the cold side box and the 
roughness of the wall; together these determine 
the velocity of approach profile at the wall 
opening. 

The test results are given in Fig. 7, along with 
the superimposed mean curve for natural con- 
vection alone, as taken from Fig. 5, for 
t/H = 0.38. For an air velocity of 100 ft/min 
the Nusselt number is in every instance less than 
one-half of that for natural convection alone, 
but remains dependent on the Grashof number. 
With an air velocity of 200 ft/min the Nusselt 
number becomes practically independent of 
Gr but dependent on the opening size. Such a 
result is to be expected for high velocities, for 
then theory requires that the Nusselt number 
depend only on the Prandtl number and on the 
Reynolds number VH/v. It will be noted that 
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THEORETICAL NUSSELT NUMBER 

FIG. 6. Natural convection heat transfer across two 3 s 3 in square openings spaced vertically 
15 in apart on centers in a 2&-in thick partition. (The Nusselt numbers are based on a height 

of 3 in and a total area of 18 sq. in.) 

'$ 600 

s 

GRASHOF NUMBER jGr=g~&/P lf) 

FIG. 7. Effect of a horizontal air flow parallel to 
opening and partition. (The dashed curve is that 

natural convection with t/H = 0.38 from Fig. 5.) 

the 
for 

the results for V = 200 ft/min cross the curve 
for natural convection alone, i.e. if Gr is large 
the convection heat transfer with forced con- 
vection is less than that of natural convection 
alone, whereas for low Gr the heat transfer is 
greater if forced convection is present. 

DISCUSSION AND CONCLUSION 

The test results for air in natural convection 
across rectangular openings in vertical partitions 
are in good agreement with theory. In particular 
the exponent on the Grashof number in the 
equation NU = BGraPrb is slightly greater than 
0.5 as called for by consideration of the heat- 
transfer mechanism. Test results for a double 
opening are also in good agreement with theory. 
The ratio of wall thickness to opening size also 
influences the Nusselt number. 

It was found that a horizontal forced-air 
flow parallel to the wall and opening could 
reduce the convection heat transfer under certain 
conditions. 

The present tests encompass a range of the 
Grashof number from lo6 to lOa and a range of 
the ratio of wall thickness to opening height of 
0*19--0*75. For air, these results cover most 
cases of practical interest either for heat or 
mass transfer. For other fluids having Prandtl 
or Schmidt numbers greater than about O-1 
the results of the present tests would be expected 
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to apply approximately, provided that Gr and 
t/H are within the ranges covered in the tests. 
For fluids with very low Prandtl numbers the 
methods devised in Part 2 of this paper on 
openings in horizontal partitions may be used 
for approximate extrapolation of the test results. 
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APPENDXX A 

Multiple Openiflgs 

When several openings of height H,, H,, HZ, 
etc. and width WI, W,, W,, etc., are separated 
vertically by distances SIZ, SZ3, etc., as in Fig. 8, 
the elevation of the axis of equal pressure is 
determined from the condition that the total 
fluid flow across the openings above the axis is 
equal but opposite in direction to that below the 
axis. For the ideal case that equation (5) applies, 
this requires, after integration, that 

EQUAL- PRESSURE AXIS 
__ _ -_._- - --- -- 

FIG. 8. Designation for multiple openings in a vertical 
wall. 

= W&H* i s,, 4 H3 -I- s,, - x)3’2 
- W&S,, + rr, + &3 - 43/Z 

- W,(S,, - x)3/3, (Al) 

which equation can be solved for x. 
The actual conditions obtaining are more 

complicated than the above owing to non-ideal 
flow. It will be noted, however, that the terms in 
the above identity are each proportional to 
the product WA%, where NU is the Nusselt 
number for single openings of height 
(HI + S,, + Hz + x) etc. Consequently, the 
most accurate calculation will obtain when the 
sums of WA% obtained from Fig. 5 are equated 
in place of equation (Al). Equation (AI) may 
be used to obtain a first estimate of x. 

R&urn&--La theorie classique de la convection g travers des orifices dans des parois verticales a ttC 
g&ralis& pour traduire & la fois les transports de chaleur et de masse. Les exp&iences ont et6 faites 
avec de I’air dans une grande installation dont Ies ouvertures avaient 7,5 a 30 cm de hauteur. Par suite 
de la grande rksistance thermique de la paroi, les r&hats des essais donnant le nombre de Nusselt en 
fonction du nombre de Grashof, pour des hauteurs d’ouverture correspondant B 108 < Gr < 1O8, 

doivent pouvoir 6galement s’appliquer au transport de masse. 
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Zusammenfassung-Die einfache Theorie der nattirlichen Konvektion durch &humgen in senkrechten 
Trennwlnden liess sich auf gleichzeitigen W&me- und Stoffiibergang veralfgemeinern. Die Versuche 
wurden in einer grossen Warmeflussapparatur mit t)ffnungen von 76,2 mm bis 304,8 mm Hohe mit 
Luft als Konvektionsmedium durchgeftihrt. Untersucht wurde die Nusselt-Zahl als Funktion der 
Grashof-Zahl mit der &fnungshGhe als kennzeichnende Lange im Bereich 108 < Gr < lo*. Wegen 
des grossen thermischen Widerstandes der Trennwand kiinnten die Ergebnisse direkt auf den 

Stoffiibergang anwendbar sein. 

~EOTa~~~--PaCCMaTpllBaeTC~ COBMWTHO TCSIJIO-II MaCCOO6Mt?H Ha OCKOBe 0606weHHOfi 

IIpOCTetilue& TeOpllI4 WTeCTBeHHO& KOHBeIiLJ~E~ Yepea OTBePCTHFI B BepTHKaJIbHbIX IIepWO- 

PO~KtaX. ~KCIIeplfMeHTbI IIpOBORLlJIllCb Ha J'CTaHOBKe C OTBePCTHRMll OT 3 JJO 12 AIOtMOB 

BbICOTOti IIpIt 6onbmux TeIIJIOBbIX Harpy3KElX; B KaYWTBe TeIIJlOHOCHT&TIFI HCIIOJIb30BWICH 

BOSAYX. MO~HO IIpeAIIOJIOEfHTb, YTO 6naroAapn 6OnbLUOMy TepMHYeCKOMJ' COIIPOTBBJIeHHIO 

3KCIIepHMt?HTaJIbHbIe P33JVIbTaTbI II0 BBBPICHMOCTH KpHTepMR HyCCeJIbTa OT KpHTE?pHH 

rpaCrO@a (38 XapaKTt?pHE& p33Mep IIpHHHMaeTCR BbICOTa OTBE!pCTHH), 3aKJIlOYt'HHOrO 3 

npenenax lo6 < Gr < 103, MoryT 6bITb npmreneua &rm MaCCOO6MeHa. 


